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Introduction
In professional football, some teams play their home matches on an artificial pitch. There are often financial reasons for doing this, because maintenance costs are substantially lower than those of a natural grass pitch. However, artificial grass is not very popular among players and coaches. There are at least three reasons for this (Trombley (2016) ).
There is a perception of artificial grass increasing injury rates, being more tiring to play on and introducing a different behavior of the ball, which is thought to move faster and bounce higher than it does on natural grass. There is no evidence that playing on artificial grass increases injury rates (see, for example, Ekstrand et al. (2011) and Lanzetti et al. (2017) ). An artificial pitch may be more tiring and it may introduce different ball dynamics, leading to a different playing style (Andersson et al. (2008) ), but as long as these differences affect both teams equally, there is no reason for concern. Such a concern arises if a team playing on artificial grass has an additional home advantage compared to teams playing on natural grass. If so, an artificial pitch introduces an unfair home advantage in a highly competitive sport.
There is no dispute about the existence of a regular home advantage in professional football. This home advantage is mainly attributed to the support of the home crowd in combination with possibly biased referee decisions, players' familiarity with their stadium and travel fatigue of the away team (see, for example, Clarke and Norman (1995) , Pollard (2006) , Pollard and Armatas (2017) and Ponzo and Scoppa (2017) ). Whether or not an artificial pitch introduces an additional home advantage has rarely been investigated. Barnett and Hilditch (1993) is one of the few studies that does this. The study investigates four teams in English league football (Luton Town, Oldham Athletic, Preston North End and Queen's Park Rangers) that had at least for some seasons an artificial pitch in the early 1980s. The main conclusion is that there is indeed an additional home advantage related to an artificial pitch equivalent to 0.28 points and 0.31 goals per match. In the meantime, the quality of artificial grass has improved substantially and the question is, whether current professional football teams that play on artificial grass still have an additional home advantage. Trombley (2016) , analyzing four seasons (2011 to 2014) of US Major League Soccer, suggests that this is not the case. However, Hvattum (2015) concludes from an analysis of Norwegian league football from 2001 to 2013 that teams playing on artificial turf have a greater home advantage of approximately 2.5 points over the season.
The current paper investigates, whether teams who play their home matches on arti-ficial grass have an additional home advantage compared to teams who play their home matches on natural grass. To do this, data are used from the top tier of Dutch professional football, the "Eredivisie". The identification of the artificial grass effect is based on a simple strategy that takes into account that the difference in strength between two teams cancels out in pairs of matches.
Data and Exploratory Analysis
The Dutch top tier of professional football has 18 teams each of which plays 17 home and 17 away matches. For a win a team gets three points, for a draw this is one and for a loss no points are given. The team that has the highest number of points after 34 matches wins the championship and has traditionally been entitled to play in the European Champions League the next season. The team with the lowest number of points is relegated and replaced by the winner of the second tier. Number 16 and 17 play post-competition matches against teams from the second tier to determine whether or not they will be relegated.
The analysis is based on match results from three seasons, 2014-15 to 2016-17. In each of these seasons 6 teams had an artificial pitch whereas in earlier seasons only one or two teams had such a pitch. Present in all seasons were 14 teams, whereas four teams were present in two seasons and four teams in one season only (see Table 4 for an overview, also of the teams who have an artificial pitch). The teams with a natural grass pitch are distributed over the whole range while the teams with an artificial pitch are predominantly top-left. This is no coincidence. Teams with a smaller budget are more likely to be weaker and for financial reasons more likely to have an artificial pitch. Table 1 presents a summary overview of home goals and away goals in matches between two teams both playing on natural grass and two teams of which one plays on an artificial pitch and the other plays on natural grass. Using the information presented in this table, the additional home advantage of playing on an artificial pitch can be established. The line of reasoning is as follows. If we look at all matches between teams who both play on natural grass, on average over the three seasons the home team scores 1.63 goals per match while the away team scores 1.42. Since, on average, over all matches, the difference in the strength between the two teams is equal, the goal difference of 0.21 can be attributed to the regular home advantage. Similarly, when two teams with a different home ground play against each other, the average number of goals scored in home matches is equal to 1.68, while the average number of away goals is equal to 1.20.
The goal difference of 0.48 can be attributed to the regular home advantage and half of the additional home advantage related to playing on an artificial pitch (since half of these matches were played on an artificial pitch and half were played on natural grass).
Therefore, twice the difference of the differences (equal to 0.53) represents the additional home advantage related to an artificial pitch. Note: H = home; A = away; ∆ = Difference; AAP = extra advantage artificial pitch; obs. = number of observations. Different pitch: one team has natural grass, the other has an artificial pitch. Table 1 shows that on natural grass matches, home teams have a probability to win of 43% while this is 33% for away teams. Therefore, in term of win probability the regular home advantage is 10%, while the additional win probability for teams who play their home matches on a natural pitch is 20%.
Statistical Model and Parameter Estimates
The line of reasoning to establish the effects of an artificial pitch can be formalized as follows. Since the main interest is in the competitive disadvantage of natural grass teams when playing on artificial pitches, as in Table 1 , I ignore matches between teams who both play on an artificial pitch. For all matches played at home by team i against opponent team j in season t it holds (see also Clarke and Norman (1995) ): 
where d j is an indicator for team j playing on artificial grass. Since I ignore matches of teams who both have an artificial pitch, either d i is equal to zero or d j is equal to zero or they are both equal to zero.
To identify β and γ, I make a couple of assumptions. First, I assume that the strength of a team is constant within a season. Of course, in reality the strength of a team may vary because of injuries or suspensions of key players. As long as the variation of strength within a season does not vary with the nature of the pitch there is no bias. I also assume that β is the same for all teams. Finally, I assume that γ is the same for all visiting teams who themselves play on natural grass and face a disadvantage when playing on an artificial pitch. Teams who play on an artificial pitch are assumed not to face a disadvantage when playing an natural grass.
By taking the average of equations (1) and (2), the strengths of both teams cancel out and for every pair of i and j in season t it holds:
where Because the dependent variable is specified for pairs of matches, the number of observations reduces from 828 to 414. Figure 2 presents the distribution of the dependent variable where there is obviously more variation when the dependent variable is measured in goal difference. From both graphs, it is clear that the distribution of the dependent variable is shifted to the right when matches are played on different pitches as compared to when they are both played on natural grass. Table 2 shows the parameter estimates of equation (3). Panels a1 and b1 are identical to the calculations in Table 1 Table 3 . 
Simulations
The additional advantage of playing on an artificial pitch against a team that plays on natural grass is estimated to be equal to 0.6 points. Assuming that both teams are affected equally, but with an opposite sign, the team with an artificial pitch obtains 0.3 more points while the visiting team with a natural grass home pitch obtains 0.3 less points. As in every season each team with an artificial pitch played 12 of these matches they gained 12*0.3=3.6 points while the teams with natural grass played 6 of these matches they lost 6*0.3=1.8 points. At the top of the league all teams play on natural grass so each of them is affected similarly. At the bottom of the league this is different. Table 4 shows the results of simulations of the end-of-season number of points where the teams who play on a natural pitch are given 1.8 points extra while for the teams who play on an artificial pitch 3.6 points are subtracted. For each season, teams Note: Simulations based on Table 2 to promotion-relegation play-off matches against teams from the second level. So, rather than staying in the top tier for sure, they could have been relegated.
Conclusion
Home advantage is a phenomenon that is undisputed in professional football and not much of an issue as in all competitions teams play an equal number of home and away matches. However, from an analysis of matches in three seasons of professional football in the Netherlands, it appears that teams who play on an artificial pitch have an additional home advantage compared to teams who play on natural grass. For the top teams, this does not matter since they all have a natural grass home pitch. Therefore, they face the same disadvantage and the ranking at the end of the season will not change because they have to play some away matches on an artificial pitch. At the bottom of the league this is different. Teams playing near the bottom on natural grass have been regulated who would have otherwise stayed in the top tier. Similarly, teams playing their home matches on an artificial pitch stayed up but could have otherwise been relegated. Clearly, artificial pitches are a reason for concern as they introduce an unfair home advantage for some teams in an otherwise highly competitive sport.
